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STUDIES  ON  THE  CIRCULATION  IN  MAN. 
VI,  OBSERVATIONS  ON  THE  ]~LOOD  FLOW  IN  THE  HANDS 
(I~AINLY)  IN  CASES  OF  ANEMIA.* 
BY  G.  N.  STEWART,  M.D. 
(From  the  H.  K.  Cushing  Laboratory  of  Experimental  Medicine  of  Western 
Reserve  University,  Cleveland.) 
Since  anemia  has  a  special  influence  on  the  blood  flow  in  the 
peripheral  parts,  which  it  is  essential  to  make  clear,  it  has  been 
judged well to begin the description of the results obtained in clinical 
cases  illustrating  various  diseases  with  a  discussion  of  the  results 
in the anemias. 
The  common  characteristic  of  the  anemias  as  regards  this  point 
is a  small flow in the hands  as compared with the normal  person of 
similar age and under similar external  conditions.  Thus in H. W., 
the flow was only 2.06 grams per IOO cubic centimeters of hand per 
minute  for the  right  hand,  and  1.82  grams  for the  left; i.  e.,  only 
one third  to one sixth the  amount  to be expected in a  healthy  man. 
H.  W.,  a  man  aged  24  years,  was  admitted  to  Lakeside  Hospital,  suffering 
from  pernicious  anemia.  Face  and  hands  pale.  Erythrocyte  count  2,0oo,000, 
Temperature  of 
calorimeters. 
Time. 
__  Right.  Left. 
3.08  3o.I6  °] 3o.2I  ° 
3.1o  3o.15 °  3o.I9  ° 
3.II  3o.16  °  3o.2o  ° 
3.I2  3o.17 °  30.20 ° 
3.I3  30.I7  °] 30.21 ° 
3.I4  30.17° 130.21 ° 
30.I8°1  30.22 ° 
3  .I63"I5  3o-I9  °  30.2I° 
3.I8  30.200  30.22 ° 
3.I9  30.I9  °  30.22 ° 
Notes. 
Room  temperature 
23.5 °  C. 
Room  temperature 
23.4 ° C. 
Ears pale 
Room  temperature 
23.6 ° C. 
Time. 
3.2I 
3.23 
3.25 
3.26 
3.27 
3.27½ 
3-39 
Temperature  of 
calorimeters. 
Right.  Left. 
30.20 °  30.22 ° 
30.2I  °  30.22 ° 
30.22 °  30.22 ° 
30.22 °  30.22 ° 
30,23 °  30,22 ° 
30.23 °  30.220 
30.I0  °  30.09 ° 
Notes. 
Room temperature 
23.6 ° C. 
Cooling  of  calorimeters  o.I3  °  in  II{  min. 
Volume of right hand 412  c.c., of left 378  c.c. 
Water  equivalent  of  right  calorimeter  and 
-~ontents 3,425,  of left and contents 3,397. 
* Received  for  publication,  April  28,  I913. 
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hemoglobin  45  per  cent.  (April  16,  1911).  Before  death  (May  2,  1911)  the 
erythrocytes  fell  to  7oo, ooo.  The  hand  flow  was  examined  on  April  19,  1911. 
Pulse  (sitting)  12o,  and  weak.  Mouth  temperature  37.35 °  C.  The  hands  were 
put into the bath at 2.58 P.M.,  into calorimeters at 3.09 P.M., and taken out of the 
calorimeters  at  3.27.  3,o15  c.c.  of  water  were  in  each  calorimeter  in  all  hand 
observations, unless otherwise  stated. 
Four months earlier the patient had an attack of erysipelas.  The 
flow  in  the  distal  half  of  the  right  hand  was  8.48  grams  per  IOO 
cubic centimeters  of hand  per minute,  whereas  in  a  healthy young 
man  (M. C.)  of the same age the flow in the distal half of the right 
hand  was 2o.77 grams.  It  has  already  been pointed  out  (I)  that 
the  flow in  the  distal  part  of the  hand  is  decidedly greater  than  in 
the whole hand.  Since a  larger portion of M.  C.'s hand  was in the 
calorimeter  in  this  experiment  than  of H.  W.'s,  the  discrepancy  is 
greater  than  appears  at  first sight.  It  is  certain,  therefore,  that  in 
I-I. W.  in  the  experiment  of  December  17,  I9IO,  the  flow  for  the 
whole hand could not have exceeded four grams per IOO cubic centi- 
meters  per minute,  notwithstanding  the  fever and  the  involvement 
of the arms  in the inflammation. 
December  17,  I91O.  At this time  the anemia was  well  marked  (erythrocytes 
2,5oo, ooo), although less than on admission  (November 30,  191o)  when the count 
gave 816,ooo;  hemoglobin 30 per  cent.  Rectal  temperature  38.9  °  C.  As  he  was 
too ill to  sit up and the foot calorimeters had not yet been constructed,  only the 
distal  portion  of  his  right  hand  was  immersed  in  the  bath  and  calorimeter,  it 
being imposs:ible to immerse the whole hand as  he lay in bed.  Pulse  II2.  Hand 
in bath at 3.18 P.M.,  in calorimeter 3.28½.  3,050  e.e.  water  in calorimeter.  Room 
temperature  20.4 °  C.  Hand  out of  calorimeter at 3.47. 
Temperature of  Temperature of  Temperature of 
Time.  right calorimeter.  Time.  right calorimeter.  Time.  ,  right calorimeter, 
3.27½  28.920  3.37  28 .860  3.44  I  29 .000 
3.3o  28.88 °  3.39  28"9 I°  3-45  29.03 ° 
3-34  28.86°  3.4I  28-93 °  3.46  29.o8 ° 
3.35  28-85 e  3.42  28.96o  3.47  29.14 ° 
4 .02  ,  28.980 
Cooling of right o.I6  ° in 15 minutes.  Volume of hand in calorimeter 175 e.e. 
In another case of pernicious anemia  (D.  K.),  a  man  forty-four 
years old, the flow on an extremely hot day with room temperature 
29.1o C. rose to 8-35 grams per IOO cubic centimeters per minute for G. N. Stewart.  115 
the right hand, and 8.38  grams for the left, whereas in the normal 
young man, M.  C.,  already referred to, the flows were respectively 
17.98 grams and  16.65  grams with room temperature 27.1 ° C.  In 
health the flow is not inferior at forty-four years to that at twenty- 
two.  There is  of course a  cutaneous vasodilatation  in  response to 
the high external temperature, otherwise life would be endangered, 
yet the hand flow in D. K. remains markedly subnormal.  It is per- 
fectly intelligible that under these conditions the further reflex vaso- 
dilatation under the influence of warm water applied to the contra- 
lateral hand is feeble, the flow increasing only to 9-IO grams per IOO 
cubic centimeters per mirmte, while.the reflex to cold is intense, the 
flow diminishing to 2.85  grams. 
Time. 
2.251 
2.27 
2.28 
2.29 
2.30 
2.31 
2.32 
2.33 
2.34 
2.35 
2.46 
2.47 
2.48 
2.49 
2.50 
2.51 
2.52 
2.53 
2.54 
2.55 
Temperature of 
calorimeters. 
Right. 
31.52° 
31.53  ° 
31.580 
31.62  ° 
31.665  c 
31.71 ° 
31.78  ° 
31.83  ° 
31.895  ~ 
31.96  ° 
32.53  ° 
32.54  ° 
32.555  ° 
32.585  ° 
32.6o  ° 
32.62  ° 
32.66  ° 
32.7I ° 
32.735  ° 
32.775  ° 
Left.  Room  Notes. 
31.49  (  temperature 
31.52`  29  °  C. 
31.55"  31.59'  Room  temperature 
31.63'  29  °  C. 
31.69~ 
31.74  ¢ 
31.8I (  Room  temperature 
31.86  ¢  29.I °  C. 
31.93' 
Temperature of 
calorimeters.  rime. 
Right.  Left. 
2.36  32.02  °  31.99  ° 
2.37  32.09  °  32.O4  ° 
2.38  32.I4  °  32.10  ° 
2.39  32.20  °  32.15  ° 
2.40  32.27  °  32.215 ' 
2.4I  32.325  32.27  ° 
2.42  32.39  °  32.33  ° 
2.43  32.420  32.37  ° 
2.44  32.480  32.425 ' 
2.45  32.520  32.455  ' 
He  feels  the water very cold 
Still feels the water very cold 
The cold water is now at 9 ° C. 
Notes. 
Room  tempera- 
ture 29  ° C. 
Room  tempera- 
ture 29.3 °  C. 
At  2.45  left  hand 
put  in  water  at 
8.I °  C. 
Room temperature  29.2 °  C. 
He finds the cold water more 
tolerable 
At 2.55 left hand put in wate~ 
at 43 °  C. 
2.57  32.815  ° 
2.58  32.85  ° 
2.59  32.90  ° 
3.00  32.94  ° 
3.Ol  32.995  ° 
3.o2  33.o3  ° 
3.03  33.o8  ° 
3.o4  33.I2 ° 
3.05  33.175  ° 
3.23  33.03  ° 
2.56  32.795  °  ]Room temperature  29.2 °  C. 
Cooling of right calorimeter in 18 min. o.145  °, of left in 38 rain. o.235°C. 
Room temperature  29.2 °  C. 
Hand  out of calorimeter at 
3.o5. 
Temperature  of  left  calo- 
rimeter is  now  32.22 °  C. 
D.  K.,  a  blacksmith,  44 years  old,  was  admitted  to  the  City  Hospital  on  July 
I,  I912.  He  complained  of  shortness  of  breath,  weakness,  and  buzzing  in  the 
ears.  His  skin  had  a  yellowish  cast.  Marked  anemia.  Teeth  good  but  pyorrhea 
present.  There  was  a  loud  venous  hum  in  the  neck,  especially  loud  on  the  left 
side  in  the  sitting  posture,  and  a  soft  blowing  systolic murmur  at  the  apex.  Sec- 116  Studies  on  the  Circulation  in  Man. 
ond  sound  accentuated  in  pulmonary  area.  Paresthesia  in  both  extremities 
(needles  and  ants).  Ophthalmoscopic  examination  showed  stippling  of  the 
retina and  small m~liary hemorrhages in both upper  quadrants.  X-ray examina- 
tion negative.  Blood examination:  erythrocytes 1,648,ooo,  leucocytes 5,400,  hemo- 
globin  45  per  cent.  The  erythrocytes  showed  marked  variation  in  size;  poly- 
ehromatophilia;  punctate basophilic cells;  nucleated  reds.  Diagnosis:  pernicious 
anemia.  When  the  patient  was  last  seen  (August  2I,  I912 )  there  was  no  im- 
provement. 
July  2,  1912.  Hands  in  bath  at  2.14  P.M., and  in  calorimeters  at  2.26½  P.M. 
Pulse 84  (sitting). 
Volume of right hand 48o e.c.,  of left hand 476 c.e.  He is right handed.  Water 
equivalent  of  calorimeters  and  contents,  right  3,479,  left  3,476.  Rectal  tempera- 
ture 38.2 °  C.  Blood  pressure:  systolic  lO4,  59  (sound gone).  Another observa- 
tion:  systolic  lO2,  61  (sound gone).  At  82  the  sound suddenly  diminished,  then 
increased and  again  suddenly diminished at  69,  to  disappear  entirely  at 61. 
In  a  case  of  marked  secondary  anemia  (S.  K.)  the  flow  was 
only  1.26  grams per  IOO cubic centimeters for the right,  and  1.18 
grams  for  the  left  hand  (for  the  last  ten  minutes  in  the  calori- 
meters). 
S.  K.,  a  woman, aged 48 years, was admitted  to the  City  Hospital  on  August 
26,  1912,  with  carcinoma  of  the  uterus.  She  has  had  a  foul  smelling  discharge 
from  the  uterus  for  a  year,  with  pain  in  the  right  iliac  region.  She  has  lost 
greatly  in  weight.  A  cauliflower  mass  can  be  palpated  on  the  cervix.  The 
skin  is  pale  and  anemic.  She  has  suffered  from  shortness  of  breath.  Blood 
count on January 26,  1913 : erythrocytes 2,II2,OOO,  hemoglobin 45  per  cent.  Died 
April 9,  1913.  No  metastases  except  microscopic ones  in  the  liver. 
January 24,  1913.  Hands in bath at  3.06  P.M.,  in calorimeters at 3.16.  Mouth 
temperature 37.I5 °  C.  Pulse  (sitting)  lO8. 
Time. 
3.15 
3.17 
3.I8 
3.I9 
3.20 
3.2I 
3.22 
3.23 
3.24 
3.25 
3.26 
3.27 
3.28 
3.29 
Temperature of  Temperature of 
Calorimeters.  Time.  Calorimeters. 
Right.  Left. 
31'32°  I  31"30° 
3I'29°  I  31'26° 
3I'28°  I  3I'25° 
3I'275  °  [  31.25 ° 
31'27°  /  3I'24° 
31"27 °  ]  31.24 ° 
31.26 o  '  31.23 ° 
31.25 °  31.22 ° 
31.24 °  31.22 ° 
31.23 °  31.2I ° 
31.23 °  31.20 ° 
31.22 °  3I.I9  ° 
31.2I °  3I.I8  ° 
31.2I °  3I.I8  ° 
Room. 
24.4 ° 
24.4 ° 
24.4 ° 
23.9 ° 
23.2  ° 
23.I ° 
23.2 ° 
23.3 ° 
23,4 ° 
23.5 ° 
23.4 ° 
3.3o 
3.31 
3.32 
3-33 
3.34 
3-35 
3.36 
3.37 
3.38 
3.39 
3.4  ° 
3.49 
Right.  Left. 
31.20 °  3I.I7  ° 
31.195 °  3I.I65  ° 
31.19 °  31.16 ° 
31.19 °  31.155 ° 
31.18 °  31.I5  ° 
3I.I8  °  31.15 ° 
31.175 °  31.14  ° 
31.I7  °  31.I35 ° 
31.165 °  3I.I3  ° 
31.16 °  3I.I2  ° 
3I.I45  °  3I.II  ° 
31.o35 °  3LOO  ° 
Room. 
23.4  ° 
23.3 ° 
23 ° 
23 ° 
23 ° 
23.3 ° 
23.5 ° 
Hands out of calorimeter at 3.4  ° .  Cooling of 
calorimeters o.II  ° C. in 9 min. G. N.  Stewart.  117 
Volume  of  right  hand  330 c.c.,  of  left  324 c.c.  Water  equivalent  of  calorimeters 
with  contents,  right  3,359,  left 3,354. 
In  a  young man  of  twenty-two years  (F.  W.),  the  subject  of 
hemophilia, the flow was 5.o4 grams per IOO cubic centimeters per 
minute for the right hand and 3.94 grams for the left  (for the last 
fifteen minutes in the calorimeters) with room temperature at 24.7 ° 
C.  The flow was scarcely at all  increased reflexly by the applica- 
tion of warm water to the contralateral hand, although it was easily 
decreased in the case of the right hand to 2.79 grams per IOO cubic 
centimeters per minute by the application of cold water to the left 
hand.  At this time there had been no hemorrhage for six weeks. 
2.33 
2.34 
2.35 
2.36 
2.37 
2.38 
2.39 
2.40 
2.4I 
2.42 
2.43 
2.44 
Temperature of 
Time.  Calorimeters. 
Room. 
Right.  Left. 
2.3  o  31.38  °  31.34  ° 
2.3I  31.360  31.320  23.2  ° 
2.32  31.37  °  31.33  ° 
31.37  °  31.335  °  23.3  ° 
31.37  °  31.335°1 
31.375  31.34  °  j  23 .I° 
31.38  °  31.345°1 
3I'39°  31"35°  I  23° 
31-395  31,355°j  22.9 ° 
I  o  31.40  °  3  .355  J 
31.40  °  31.355°i  22.5 ° 
31.40  °  31.36  °  22.6  ° 
31.410  31.36  °  ] 
31.425  v  31.370  21.7  ° 
31.47  °  31.385  ° 
Closed  window to  raise 
room temperature 
Notes.  Time 
2.45 
2.46 
2.48 
2.49 
2.50 
2.51 
2.52 
2-53 
2.54 
2.55 
2.56 
2.57 
2.58 
2.59 
3.oo 
Temperature of 
Calorimeters. 
Room. 
Right.  Left. 
31.495  °  31.4  °0 
31.515  Q 31.425  25  ° 
31.57  °  31.455  25.2  ° 
31.59  °  31.47  °  24.9  ° 
31.6o  °  31.48  °  24.9  ° 
31.62  °  31.485 
31.635  ¢  31.49  °  24.7  ° 
31.65  °  31.495 
31.68  °  31.5  °0  24.4  ° 
31.69  °  31.515 
31.695  c  31.52°  24.1  ° 
31.7O5Q [ 31.54  ° 
31.715  a 
31.725  °  24.5  ° 
31.74  ° 
3.o T 
3.02 
3.03 
3.o4 
3.o5 
3.06 
3.07 
3.08 
3.09 
3.xo 
31.775  ° 
31.795  ° 
31.805  ° 
31.82 ° 
31.84  ° 
31.88  ° 
31.895  ° 
31.905  ° 
31.92° 
31.925  ° 
3.IZ  31.93  ° 
24.3  ° 
24.I  ° 
24.0  ° 
At  3.08  left  hand  in 
water at 8 °  C. 
Left hand begins to ache 
Left hand  beginning to 
get  red;  it  was  pale 
in the warm water 
3.I2 
3.I3 
3.14 
3.15 
3.16 
3.17 
3.18 
3.19 
3.42 
31.935  ° 
31.94  ° 
31.945  ° 
31.95 ° 
31.945  ° 
31.945  ° 
31.945  ° 
31.945 ° 
31.68  °  31.I0  ° 
24.2 ° 
24.3  ° 
24.2° 
24.1 ° 
Cooling  of  calorimeters,  right 
0.265  ° in 23 rain., left 0.44  ° in 
44 rain. 
F.  W., an engineer, aged 22 years, was  admitted  to  the  City  Hospital  on  Octo- 
ber  8,  I912.  He  stated  that  he  had  had  rheumatism  in  the  right  leg  for  some 
time.  Twelve  days  before  admission  he  bumped  it  against  a  bench.  It  became 118  Studies  on  the  Circulation  in  Man. 
gradually red  and  swollen, with  considerable pain,  so  that  he  could  not  walk. 
Then the leg became  black and blue.  It was  opened,  as  it was  thought that it 
might be suppurating, but only a  large hematoma,  perfectly sterile, was  found. 
He stated that one brother died of bleeding after a  tooth had  been pulled.  An 
uncle on his  mother's side bled to  death  from the nose.  He  did  not know of 
any  hemophilic  cousins.  A  grandfather  and  grandmother  were  cousins.  At 
seven years  of age he  cut his  hand and almost bled to  death.  After  a  cut on 
the  foot  he  bled  for  several days.  The gums and nose  bleed  occasionally for 
two or three days at a  time,  but his nose has not bled for five months.  His leg 
became infected after it was opened and continued to discharge blood and serous 
liquid.  It  was  treated  by injections of  horse  serum  and  then  of  gelatin  and 
gradually healed.  On October 25 the blood examination showed the  following :' 
erythrocytes 2,376,ooo; leucocytes  7,200 (polymorphonuclears 61.4, eosinophils 1.6, 
small mononuclears 20.6, large mononuclears 9.I,  transitionals 5.7).  On October 
3I  the erythrocytes were 3,026,0o0.  He was discharged on January 2I,  I913, his 
leg being cured. 
December 27,  I912.  Hands in bath at 2.20 P.M., in calorimeters at 2.30½ P.M., 
taken out of calorimeters at 3.I9.  At 2.57 left hand put into water at 42.8  °  C. 
Volume of right hand 449 c.e., of left 403 c.c.  He is right handed.  The left 
hand is noticeably less than the right.  The left arm is also distinctly smaller than 
the right.  He attributes this to rheumatism which used to  affect  the left wrist. 
Water  equivalent of  calorimeters with  contents, right  3,454, left  3,4I 7.  Rectal 
temperature 37.25  ° C.  Blood pressure: right arm, systolic  I24, 73  (sound gone). 
In Mrs.  M.  A.,  a  woman  thirty-eight years  old,  with an erythro- 
cyte count of 3,000,000 and a  hemoglobin percentage of 80, the flow 
was  4.7  °  grams per  IOO  cubic cen'timeters per  minute in  the  right 
hand, and 5.44 grams in the left hand  (for the last thirteen minutes 
in the  calorimeters)with  room temperature 23.I ° C.,  a  flow  below 
the  normal  for  her  age.  The  tardiness  with .which  the  point  was 
reached at which the thermometers began to rise uniformly, indicat- 
ing  stubborn  vasoconstriction,  illustrates  a  characteristic  of  this 
group of  cases. 
Mrs.  M. A.,  aged 38 years, was admitted to the City Hospital on January I, 
I9I  3.  She has six children and has had no miscarriages.  She menstruated last 
in August.  She  sometimes misses two or three  months, but has  never stopped 
so  long before except when pregnant.  She complains of pains in the right side 
about the liver.  In July the abdomen became enlarged and the feet swelled.  She 
denies that she has ever used alcohol.  On admission she was jaundiced over the 
entire  body.  The  abdomen was  distended and  fluid was  present  in  it.  Veins 
over  abdomen are  engorged.  The  liver extends  to  the  umbilicus on  the  right 
side and three  fingers' breadth below the costal margin on the  left.  The  edge 
of  the  liver  is  hard  and  sharp  but  no  nodules  can  be  felt.  The  spleen  is 
hard  and  easily  palpable.  X-ray  examination negative.  Wassermann  nega- 
tive.  On January  I3,  I913, the  erythrocyte  count  was  3,oo4,oo0, the  leucocyte G. N. Stewart.  119 
count  6,600,  hemoglobin  90  per  cent.  On  January  23  the  erythrocytes  were 
2,5oo, ooo,  hemoglobin  80  per cent.,  leucocytes  7,ooo  (polymorphonuclear  72  per 
cent.,  eosinophils I  per cent.,  large mononuclears 9  per cent.,  small mononuclears 
13  per  cent.,  transitionals  4  per  cent.).  On  January  28  the  erythrocyte  count 
was  3,6oo, ooo;  hemoglobin  70  per  cent.  There  was  some  hematuria  all  along 
(albumin  in  the  urine  and  erythrocytes);  also  a  few  casts.  Gynecological  ex- 
amination  showed  nothing  abnormal.  Examination  of  the  thorax  negative. 
Radial  pulse,  symmetrical,  equal,  regular,  good  volume  and  tension.  No  evi- 
dence  of  parasites.  The  blood  flow in  the  hands  was  examined  on  January  28, 
1913.  On  this  date  she  states  that she  is  stronger  than  when  she  entered  the 
hospital.  She has no pain now.  Her  lips are  red,  though the  face  is  somewhat 
pale.  She  used  to  have good  color,  Her  appetite  is  not  very good,  but  she  is 
not  at  all  emaciated.  Blood  pressure:  systolic  II~,  85  (change  in  sound). 
Diagnosis :  cirrhosis of  liver.  She was discharged improved on February 19, 1913. 
Hands  in  bath  at  2.33  P.M.,  in  calorimeters  at  2.45,  and  out  of  calorimeters 
at  3.o9.  Pulse  (sitting) 80.  Mouth  temperature 36.85 °  C. 
Time. 
2.44 
2.46 
2.47 
2.48 
2.49 
2.50 
2.51 
2.52 
2.53 
2.54 
2.55 
2.56 
2.57 
2.58 
Temperature of 
Calorimeters. 
Right.  Left. 
31.12 °  31.04  ° 
31.07 °  31.02 ° 
31.07 °  31.02 ° 
31.o8 °  31.O2  ° 
31.09 °  31.03 ° 
3I.O9  °  31.03 ° 
31.O85 °  31.035 ° 
31.09 °  31.03 ° 
31.09 °  31.O35  ° 
31.09 °  31.035 ° 
31.O9  °  31.04  ° 
31.095 °  31.04  ° 
31.1o °  31.05 ° 
31.105 °  31.055 ° 
Room. 
23.I ° 
23.15 ° 
23.2 ° 
23.2 ° 
23.15  o 
23.2 ° 
Time. 
2.59 
3.oo 
3.oi 
3.o2 
3.03 
3.04 
3.05 
3.06 
3.07 
3.o8 
3.09 
3.19 
Temperature  of 
Calorimeters. 
Right.  Le~. 
i 
31.II5  °  31.o7 ° 
31.125 °  31.o850 
31.15 °  31.11 ° 
31.17 °  31.135 ° 
31.I8  °  31.15 ° 
31.195 °  31.165 ° 
31.20 °  31.I85 ° 
31.21 °  31.2Z ° 
31.22 °  31.225 ° 
31.23 °  31.24  ° 
31.24 °  31.25 ° 
31.I15 °  31.135 ° 
Room. 
23.1 ° 
23.05 ° 
23 ° 
23.1 ~ 
23.2 ° 
Cooling of calorimeters in zo min., right o.i25 °, 
left o.115 °.  Volume of right hand 33o c.c., 
of left 332  e.c. 
In  three  cases  of the  chlorotic  type  the  flow  although  probably 
below the  normal  was by no means  scanty.  Thus  in  E.  D.,  a  girl 
of sixteen years with an erythrocyte count of 4,IOO,OOO and a hemo- 
globin percentage  of 5  °`  , the flow in the  right hand was 6.25  grams 
per IOO cubic centimeters per minute, and in the left 5.76 grams  (for 
the  last  thirteen  minutes  in  the  calorimeters)  with  room tempera- 
ture 22.2 ° C.  The contralateral  vasodilatation produced by warmth 
was slight; the contrala~ceral  vasoconstriction produced by cold was 
much more distinct. 120  Studies  on  the  Circulation  in  Man. 
E.  D.,  a  Hungarian  girl,  aged  16 years,  a  dispensary  patient,  has  been  ill  for 
about  six  months  suffering  from  shortness  of  breath  on  exertion,  as  in  walking. 
Her  appetite  was  very poor  for  about  nine  months,  but  is  now  better.  For  eleven 
months  she worked  eight  hours  a  day  in a  cigar  factory  and  to  this  she  attributes 
her  illness.  She  is  pale,  while  before  her  illness  she  says  she  had  a  good  color. 
A  venous  hum  can  be  heard  in  the  neck.  Her  hands  are  rather  thin.  She  has 
occasional  headaches  with  severe  temporal  pain.  She  states  that  other  girls  in 
the  factory  have  become  ill  in  the  same  way.  On  February  4,  1913,  erythrocyte 
count  4,IOO,OOO,  hemoglobin  5o  per  cent. 
The  flow  in  the  hands  was  examined  on  February  5,  1913.  Hands  in  bath  at 
2.30  P.M.,  in  calorimeters  at  2.40½  P.M.  Pulse  (sitting)  13o,  and  weak.  She  had 
just  walked  up to the  third  floor room  where  the  observations  were  made.  Mouth 
temperature  37 °  C.  At  3.09  P.M.  left  hand  put  into  water  at  43  °  C.,  at  3.23  P.M. 
into  water  at  8.5 °  C. 
Temperature of 
Time. 
2.39 
2.41 
2.42 
2.43 
2.44 
2.45 
2.46 
2.47 
2.48 
2.49 
2.50 
2.51 
2.52 
2.53 
2.54 
Calorimeters. 
Right.  Le~. 
31.o8  °  31.o4  ° 
31.oo  °  31.o7  ° 
31.oo  °  31.06  ° 
31.Ol °  31.o5  ° 
31.0o5  31.o4  ° 
31.Ol  °  31.o4  ° 
31.Ol  0  31.o6  ° 
3I.OI Q  31.o7  ° 
31.o4  ¢  31.o75  ° 
3i.o5  c  3I.o8  ° 
3I.O6~  31.o9  ° 
31.o7  ¢  31.o95  ° 
3i.o8  ¢  3I.lO  ° 
3I.O9~  31.105  ° 
3i.io C  31.1I ° 
Room. 
21.5  ° 
21.50 
21.6  ° 
21.7  ° 
21.9  ° 
22.1 ° 
'ime. 
.55 
.56 
-57 
.58 
:.59 
;.00 
;.OI 
;.02 
~.o3 
;.04 
~.o5 
~.o6 
bo7 
bo8 
).09 
Temperature of 
Calorimeters. 
Right.  ]  Le~. 
31.1o5  °  31.115  ° 
31.12  °  31.12  ° 
31.13  °  31.135  ° 
3I.I7 °  31.17  ° 
31.195  °  31.19  ° 
31.2o  °  31.2o  ° 
31.215  °  31.21 ° 
31.23  °  31.22  ° 
31.26  °  31.23  ° 
31.29  °  31.24  ° 
31.29  °  31.25  ° 
31.295  °  31.26  ° 
31.3 °0  31.27  ° 
31.3  °0  31.265  ° 
31.3o5  °  31.26  ° 
.  Room. 
22 ° 
22.2  ° 
22.2  ° 
22.25  ° 
22.2  ° 
22.3  ° 
22.5  ° 
3.10 
3.11 
3.12 
3.13 
3.14 
3.15 
3.16 
3.17 
--Temperature  Time.  I  of  ] 
A.ght calo- I 
rameter,  i Room. 
31.31° 
31.320 
31.320  22.5 ° 
31.32° 
31.325  °  22.4 ° 
31.34  °  22.45 c 
31.365  ° 
31.38  ° 
['ime. 
3.18 
3.19 
3.20 
3.21 
3.22 
3.23 
3.24 
3.25 
Temperature of 
R   ,e:3lo. i  -  .  Room. 
31.395  ° 
31.415 °  22.45' 
31.43  ° 
31.45  ° 
31.465 °  22.45 
31.480 
31.480 
31.480  22.5 ° 
Fime.  )- 
3.26 
3.27 
3.28 
3.29 
3.3o 
3.31 
3.32 
3.33 
3.48 
Temperature of 
J 
Right cal 
rimeter, 
31.49  ° 
31.495  ~ 
31.495  ¢ 
I  c  3  .495 
31.5o5  ` 
31.5o5  ~ 
31.5o5' 
31.54  ° 
31.31° 
Room. 
22.4  ° 
22.4 ° 
Hand  out  of  calo- 
rimeters at 3-33. 
Temperature  of left 
at 3.48, 30.72  °  C. 
Cooling  of  calorimeters,  right  0.23  °  C.  in  fifteen  minutes,  left  0.54  °  C.  in  thirty- 
nine  minutes.  Volume  of  right  hand  3o3 c.c, of  left  275 c.c.  Water  equivalent  Of 
calorimeters  with  contents,  right 3,337, left  3,315.  Pulse  (sitting)  at the end  of  the G. N.  Stewart.  121 
examination 96.  It is stronger than with the more rapid rate before the examination. 
Blood  pressure in left arm, systolic  lO5, 73  (sound gone),  85  (sound  decreased). 
In  Mrs.  A.  P.,  who  was  still  nursing  compIetely  her  thirteen 
months  old baby, the  red cell count was 4,6o0,000,  the hemoglobin 
7  °  per  cent.,  the  flow  in  the  right  hand  8.75  grams  per  IOO cubic 
centimeters per minute,  and  in the left hand 8.09 grams  with room 
temperature  23. 5 o C. 
Mrs.  A,  P.,  aged  32 years,  a  dispensary patient,  was  admitted  on February  3, 
1913.  The  face,  lips,  and  sclerotics  are  anemic.  She  suffers  from  shortness of 
breath on exertion.  She has been ill for three weeks.  She has had a good deal of 
trouble  with her teeth.  She is  fairly  fat and well nourished.  Her  feet get very 
cold  up  to  the knees, but her  hands  do  not get  so  cold.  The  physical  examina- 
tion  revealed nothing special.  On  February  3  erythrocyte count 4,6o0,000,  hemo- 
globin 70 per  cent.  On  February 4  hemoglobin 7o per  cent.  by  Haldane-Gower's 
hemoglobinometer.  Her  hands  seem  well  supplied  with  blood,  but  it  does  not 
ooze very  freely  from  a  prick  either  in  the finger or  in  the ear  lobe. 
The blood  flow  in the hands was  examined  on February  4,  1913.  Pulse  (sit- 
ting)  lO4,  shortly after  climbing to  the third  floor.  Hands  in  bath  at  2.22  P.M., 
into  calorimeters at 2.39 P.M.,  and out of calorimeters  at 2.53. 
Temperature of 
Time.  Calorimeters.  I 
Room. 
Right,  Left. 
2.38  30.88  °  3o.81 ° 
2.4o  3o.9  °o  3o.8o  ° 
2.41  30.89  °  30.82 °  23.2  ° 
2.42  30.89  °  30.82 ° 
2.43  30.91 °  3o.84  ° 
2.44  30.9550  3 °.900  I 23"4 ° 
2-45  3I.OI °  3o.945°[ 
2.46  31.04  °  30.99  °  23,45 ¢ 
2.47  31.095 °  31.o35 ° 
Time. 
.48 
2-49 
2.50 
2.51 
2.52 
2.53 
3.15 
Temperature of 
calorimeters. 
Right. 
31.14  ° 
31,160 
31,22 ° 
31,27 ° 
31.29  ° 
31,335 ° 
3I.I0  ° 
Notes. 
Left. 
31.o8 °  Room  temperature 
23.45 ° . 
3I.lO5 ° 
31.I4  °  Room  temperature 
23.5 ° . 
31.175  ° 
31.2o  ° 
3X.22 °  Roomtemperature23.6  °. 
30.97 ° 
Cooling of calorimeters in 22 rain., right 0.235% left 0.25 °. 
Volume of hands, right 390 c.e., left 386 c.c.  Mouth 
temperature 37.o  °.  Pulse (sitting) at end 88. 
Water  equivalent  of  calorimeters  with  contents,  right  3,407,  left  3,404.  Blood 
pressure in left arm, systolic 115, 63  (sound gone).  Another  observation,  114, 62. 
In Mrs. T., a woman aged thirty years, with an erythrocyte count 
of 4,584,ooo and  a  hemoglobin  percentage  of  only 40, the  flow in 
the right hand was 6.48 grams per IOO cubic centimeters per minute, 
and  in  the  left  7.2o grams,  with  room temperature  22.6 °  C. 122  Studies  on  the  Circulation  in  Man. 
Mrs.  T.,  aged  30  years,  height  5  feet  2  inches,  dispensary  patient.  She  has 
children.  She has been treated  for  falling of the womb.  Menses regular.  Suf- 
fers  from  weakness, pains in  the back,  and  headache.  She  easily becomes short 
of  breath.  She  has  not  been  losing  flesh.  On  January  9,  1911,  the  erythrocyte 
count  was 4,584000,  hemoglobin 40  per  cent. 
The  blood  flow  in  the  hands  was  examined  on  January  II,  1911.  Hands  in 
bath  at  3.30  P.M.,  in  calorimeters  at  3.40,  and  withdrawn  from  calorimeters  at 
3.55.  3,I5O  c.c.  of water  in  each calorimeter. 
Temperature of 
Time.  Calorimeter. 
Room. 
Right.  Left. 
3.39  30.36  °  30.36 °  22.6  ° 
3.42  30.43 °  30.39  ° 
3-43  3o,46  °  30.40  ° 
3.44  30.48  °  30.4X ° 
3.45  30.5 °0  30.43 ° 
3.46  30.5 °0  30.46 ° 
3-47  30.520  30.48 ° 
3.48  3o.56°  30.51° 
Time. 
3-49 
3.50 
3.5I 
3.52 
3.53 
3.54 
3.55 
4.14 
Temperature  of 
Calorimeter. 
Right. 
30.59  ° 
3o.62 ° 
30.65 ° 
30.68 ° 
30.70  ° 
3o.7 I° 
30.72 ° 
30.520 
Left. 
30.560 
30.60  ° 
30.62 ° 
30.65 ° 
30.68 ° 
30.69  ° 
30.70  ° 
30.53 ° 
Room. 
23.2 ° 
Cooling of calorimeters  in nineteen minutes, right 0.20  °  C.,  left o.17 °  C.  Volume 
of right hand 275  c.c.,  of left hand 245 c.c.  The left hand is visibly smaller than 
the  right.  She  is  right  handed.  Pulse (sitting)  72.  Mouth  temperature  37.6  ° C. 
Water  equivalent of calorimeters  with  contents,  right 3,450,  left 3,426. 
In a  case of anemia  (O. L.)  secondary to copious gastric hemor- 
rhage  in  a  man  aged  thirty-six  Years  ,  the  erythrocyte  count  was 
2,250,000 , the hemoglobin percentage 45, the flow in the right  hand 
7.02  grams  per  ioo cubic  centimeters  per  minute,  and  in  the  left 
6.90 grams,  with a  room temperature  of 25.4 °.  These  blood flows 
are  rather  small,  but very much  greater  than  in  H.  W.  and  S.  K., 
where  the  anemia  is  associated  with  much  graver  general  changes 
than  in  O.  L.,  whose blood changes  are  probably at  this  time  con- 
ditioned  mainly  or entirely  by the  hemorrhage.  The  contralateral 
vasodilatation  to warmth  is good,  the  flow in  the  right  hand  being 
increased' from 7.02 grams to 9-93 grams per  IOO cubic centimeters 
per  minute  when  the  left  hand  is  immersed  in  warm  water  after 
the  usual  preliminary  diminution  to  5.95  grams.  The  reaction  to 
cold is fair. 
O.  L.,  a  man, aged  36 years,  height 5  feet,  7½  inches,  weight  146 pounds.  He 
is  a  molder,  is  married,  and has one child.  He  has heavy work  in  a  hot atmos- 
phere.  He  has always  had  good  health  until  now.  On  April  27,  1911,  ten  days 
before  admission to  the  dispensary he  vomited  a  large  quantity of blood.  Since G. N. Stewart.  123 
then he  has  suffered  from weakness and  shortness of  breath, also headache and 
pain in the ears,  relieved by lying down,  and  some  epigastric tenderness.  Eryth- 
rocyte  count  2,25o,ooo,  hemoglobin 45  per  cent.  He  entered  Lakeside  Hospital 
and  reappeared  at  the  dispensary on  September  9,  I9II.  The  blood  count  was 
now  good  (erythrocytes  6,ooo,ooo,  hemoglobin  9o  per  cent.,  leucocytes  6,2oo). 
A  test meal  (September 28, I9II)  showed free hydrochloric acid 3o,  fatty acid 54, 
lactic acid  o.  In  June,  I912,  he  was  operated  on  at  another  hospital.  He  was 
told that an ulcer was found and that the stomach adhered to  the liver.  On  May 
3,  I913,  in  Lakeside Hospital an inoperable carcinoma was  found  at  the  cardia. 
The blood flow in the hands was examined on April 27,  IglI.  Pulse  (sitting) 
96.  Mouth  temperature 37.3  °  C.  Hands  in bath at 3.3o P.M.,  and  in calorimeters 
at 3.40½  P.~. 
Time. 
3.40 
3.42 
3.43 
3.44 
3.45 
3.46 
3.47 
3.48 
3.49 
3.50 
3.5I 
3.51-~ 
3.5~½ 
! Temperature of 
calorimeters. 
Right.  Left. 
29.36  °  29.29 c 
29.39  °  29.33 c 
29.420  29.37 ¢ 
29.47 °  29.4  lc 
29..5I °  29.44  c 
29.56 °  29.5 °¢ 
29.6I °  29.54  ¢ 
29.68 °  29.63 ¢ 
29.73 °  29.70c 
29.80  °  29.74  c 
29.880 
29.82 ¢ 
29.92 ° 
Time. 
3.53½ 
3.54 
3.55 
3.56 
3.57 
3.58 
3.59 
4.0o 
4.oi 
4.02 
4.03 
4.04 
4.05 
Tem- 
perature 
of right 
calorim- 
eter. 
Notes, 
29.99  ° Room  tempera- 
3o.oi  °  ture 25.50 
30.09  ° 
3o.15 ° 
30.23 ° The warm water 
is now at 40  ° 
30.3 I° 
30.38 c 
30.42c 
30.46 ¢ 
3o.49 c 
3o.52c 
3o.56  e 
3o.61 ¢ 
At  3.59  put  left 
hand  in  water 
at 7.7  °' 
Left  hand  put 
into  water  at 
43 °  C. 
Room  tempera- 
ature 25.4  ° C. 
Room  tempera- 
ture  25.35 °  C. 
Time. 
4.06 
4.o7 
4.o8 
4.09 
4.10 
4.I1 
4.I2 
4.I3 
4:I4 
4.22 
Tem- 
perature 
of right 
calorim- 
eter. 
30.68 ° 
3o.71 ° 
13o.735 ° 
30.77 ° 
30.79  ° 
30.82 ° 
30.88  ° 
3o.91 ° 
30.98  ° 
30.89  ° 
Notes. 
Room  tempera- 
ture 25.3 ° C. 
At  4.08  left  hand 
dried  and 
wrapped  in 
towel. 
Room  tempera- 
ture 25.3 ° C. 
Hand out of calo- 
rimeter at 4.I4. 
At  4.22  tempera- 
ture  of  left  is 
29.61 °  . 
Cooling of  calorimeters, right 0.09  ° in 8 min., left 0.210  in 3o~ min. 
Volume  of right hand 470  c.e.,  of left 448  c.c.  Water equivalent of  calorimeters with 
contents,  right 3,471 , left 3,453. 
In a  case convalescing from scurvy (J.  B.),  a  man in the prime 
of  life,  the flow in  the  right  hand was  5.53  grams  per  IOO  cubic 
centimeters  per  minute,  and  in  the  left  6.3o  grams,  with  room 
temperature 23.9 ° C.  The vasomotor reflexes were good, the flow 
in  the  right  hand  increasing to  lO.47  grams,  after  a  preliminary 
dip to 2.54 grams  for one minute, when ~he left was immersed in 
warm water and sinking to  5.66  grams  for the first three minutes 
of immersion of the left hand in cold water.  For the two minutes 
succeeding the  first minute of immersion of the left hand  in  cold 124  Studies  on  the  Circulation  in  Man. 
water  the  flow in the  right  is only 4.68  grams  per  Ioo cubic centi- 
meters  of hand per minute. 
J.  B.,  a  laborer,  aged 34 years, a  patient at  the  City Hospital, was recovering 
from scurvy.  There was a  history of a  very poor  diet for a  long time, bread and 
tea  for  some months with no  vegetables or  fresh meat.  He  slept under  a  saloon 
counter.  There was bleeding from  the gums, and his legs showed abundant signs 
of  previous  hemorrhages.  On  admission  (March  I3,  I912)  erythrocyte  count 
was 5,000,000,  hemoglobin 60  per  cent.  March  I5,  I912  ,  hemoglobin 6o  per  cent. 
The blood flow in the hands was measured on  April 4,  I912.  Pulse  (sitting) 
52.  Mouth temperature 36.7 °  C.  Hands in bath at  I.o2 P.M.,  and  in calorimeters 
at  I.I5 P.M. 
Temperature of  Tempera- 
Time.  calorimeters.  Time.  ture of right 
Right.  Left.  calorimeter. 
1.14½  30.54  °  30.53 °  1.28½  30.795 ° 
I.I61  30.51°  30.5 I°  1.30  30.84 ° 
I.I7  30.53 °  30.53 °  1.31  30.89  ° 
O  o  I.I8  3  -545  30.55 °  I'321  30-93  ° 
1.19  30.560  30.57 °  1.33  30.99  ° 
1.20  30.575  °  30.605 (  1-34  31.O6 ° 
1.2I 1  30.595  °  30.625 c  1.35  3I.I2  ° 
1.23  ]30.66  °  30.70  °  1.363  3I.I8  ° 
1.24  30.70 °  30.74  °  1.37  31.2I ° 
Ii25  30.720  30.79  °  1.38  31.225 ° 
1.26  30.75 °  30.82 °  1.39  31.24  ° 
1.272  30.84  °  1.40  31.28 ° 
1.27½  30.79  °  1.4I  31.36o 
Fime. 
1.42 
1.43 
1.44 
1.45 
1.46 
z.47 
1.48 
1.49 
1.50 
1.51 
1.52 
2.04 
Tempen 
are of ri~ 
alorlmet 
3Ii4 I° 
31,44  ° 
31.5 °o 
31.52 ° 
31.56  ° 
31.595 
31.62 ° 
31.63 ° 
31.69  ° 
31.74  ° 
31.79  ° 
31.63 ° 
Notes. 
At 1.47 left hand dried and 
wrapped up. 
At  1.52  hand  out  of  calo- 
rimeter. 
At 2.o4 temperature of left 
is 30.46  ° . 
Cooling of  calorimeters:  right  o.16  °  C.  in  twelve  minutes,  left  o.38°  in  thirty- 
seven minutes.  Volume of  right hand  407  c.c.,  of  left 41o  c.c.  lie  said he was 
left handed,  and  the  slight preponderance  in  volume of  the  left  hand  bore  this 
out,  although as  he only spoke  Slovak it was  difficult to  be  quite sure.  The  left 
hand  had  more  calluses than  the  right.  Pulse  (sitting)  at  end  of  examination 
60.  Rectal  temperature  37.I °  C.  Water  equivalent  of  calorimeters  with  con- 
tents,  right 3,421,  left 3,423. 
Finally,  in  a  case of severe nosebleed  (G.  L.)  in a  man  twenty- 
six years old,  otherwise in good health  and,  without  symptoms,  the 
flow was normal  (lO.27 grams per IOO cubic centimeters per minute 
for  the  right  hand,  and  lO.4O  grams  for  the  left)  with  room 
temperature  24.2 ° C.  The  erythrocyte  count  was  4,256,000. 
1  Room temperature 23.9  ° C. 
2Left hand put into water at 42.5 ° C. 
8Left hand put into water at 9 ° C. G. N.  Stewart.  125 
G.  L.,  a  man,  aged  26 years,  height 5  feet,  I½  inches,  a  laborer,  was  admitted 
to  the  City Hospital  on  November  6,  1912.  He  complains  of  bleeding  from  the 
nose  and  sometimes  from  the  gums.  This  is  the  second  nosebleed  he  has  had. 
It  began  on  November  3  and  continued  for  some  days,  stopping  and  starting 
again at irregular  intervals.  He never suffered  from hemorrhage  from the nose 
except  on  these  two  occasions.  No  family  history  of  hemophilia.  His  gums 
are  anemic  and  spongy in  the  anterior  portion.  Pyorrhea  alveolaris  is  present. 
Teeth  fairly  good,  thoug]a  neglected.  Physical  examination  of  the  chest  nega- 
tive.  The  edge  of  the  liver  is  palpable,  otherwise  examination  of  the  abdomen 
is negative. 
The  blood  flow  in  the hands  was  measured  on  November  7,  1912.  His  nos- 
trils  were plugged with cotton and the bleeding had  almost stopped.  He  walked 
into  the  room.  Hands  in  bath  at  2.38  P.M.,  in  calorimeters  at  2.47¼  P.M.,  and 
out of calorimeters at 3.02.  Pulse  (sitting)  112. 
Time. 
2.47 
2.49 
2.50 
2.5I 
2.52 
2.53 
2.54 
2.55 
Temperature of 
Calorimeters. 
Right.  Left. 
31.6350  31.520 
31.63  °  31.53 ° 
31.65 °  31.54  ° 
31.66  °  31.550 
31.68 °  31.57  ° 
31.7 I°  31.6o  ° 
31.76 °  31.655 ° 
31.80  °  31.695  ° 
Room. 
24.2  ° 
24.15 ° 
24.1 ° 
24.15 ° 
24.I ° 
Time. 
2,56 
2.57 
2.58 
2.59 
3.oo 
3.Ol 
3.02 
3.16 
Temperature of 
Calorimeters. 
Right.  Left. 
31.86  °  3~.755  ° 
31.9o  °  31.8I ° 
31.95 °  31.87 ° 
32.oo  °  31.94  e 
32.08  °  31.98° 
32.1I °  32.04  ° 
32.17  °  32.08  ° 
31.98 °  31.895  ° 
Room. 
24.2 ° 
24.30 
24  ° 
Cooling  of  the  calorimeters  in  fourteen  minutes,  right  o.I9  °  C.,  left  o.I85 °  C. 
Volume of  right hand 362 c.c., of left 36o  c.c.  Water  equivalent of calorimeters 
with  contents,  right  3,385,  left  3,383.  Rectal  temperature  38.7 °  C.  Blood  pres- 
sure,  right  arm,  systolic  I27,  84  (sound  gone).  Another  observation,  systolic 
I28,  IIO  (sound suddenly diminished), 86  (sound  gone). 
Plesch  (2)  has  stated that  the output of  the  left ventricle  per 
minute (the minute volume), measured by a gasometric method, is 
increased  in  the  cases  of  anemia  investigated  by him,  includillg 
pernicious anemia, chtorosis, and secondary anemias.  His explana- 
tion  is  that  the  deficiency  of  hemoglobin  entails  the  circulation 
of a  greater quantRy of blood through the lungs in order that the 
oxygen requirement of the body may be  filled.  He  does not dis- 
cuss the mechanism by which this necessary increase in the minute 
volume is obtained.  My observations on the hand flow indicate in 
an  interesting manner  that  an  important,  if  not  the  sole,  way  in 
which the increased minute volume of the heart is rendered possible 126  Studies  on  the  Circulation  in  Man. 
is  the  diminution in  the  flow  through  the  periphery  by  vasocon- 
striction.  This obviously will shorten ihe average circulation time 
of  the blood and permit its  quicker  return to  the  right heart  and 
therefore its more rapid circulation through the lungs.  It is to be 
expected that  the cutaneous vessels should be  particularly  affected 
by this  vasoconstriction.  For in  the main the blood  circulates  in 
the skin, not in the interests of the nutrition of the skin itself,  for 
which a comparatively small flow would suffice, but to regulate the 
loss of heat.  Where it is  important that the blood should pass in 
a  fuller stream than ordinary through the lungs it can accordingly 
be readily spared from the peripheral layers of the body.  Since the 
metabolism in the anemic body is usually less than normal, a smaller 
cutaneous  circulation  than  normal  is  in  any  case  required  to 
eliminate the heat produced.  If the peripheral vasoconstriction is 
accompanied by a vasodilatation in the deeper and shorter vascular 
paths, especially in those passing th'rough the viscera in which a free 
circulation must be steadily maintained if the metabolism is to pro- 
ceed  normally,  the  increase  in  the  minute  volume  of  the  heart 
may be  all  the more easily maintained.  Although it may be  that 
the  doctrine  of  reciprocal  innervation  of  the  periphery  and  the 
deeper parts cannot now be maintained in any very thoroughgoing 
fashion,  there  is  no question that  reciprocal  relations  can  and  do 
exist.  The  relatively low  blood pressure  in  many of  these cases, 
shows, in so far as it does not depend upon cardiac weakness, that 
the vasomotor block is not a  universal block like that of asphyxia. 
Where the total volume of the blood is increased, as in chlorosis (3), 
the  increased  minute  volume  of  the  heart  necessitated  by  the 
deficiency in hemoglobin may be obtained with little if any diminu- 
tion in the flow through the skin.  For example, if the blood volume 
were doubled and the hemoglobin percentage halved, the total hemo- 
globin would be unaltered.  It might then be possible that without 
diminution in the flow through the peripheral parts, the flow through 
the lungs could 'be doubled and the oxygen requirement completely 
met.  In this case the quantity of hemoglobin passing through the 
hand, per unit of time, might be reduced to half without change in 
the blood flow,  while the quantity of hemoglobin passing through 
the lungs would remain normal.  In E. D.,  for example, the hemo- G. N. Stewart.  127 
globin passing through IOO c.c. of hand per minute would correspond 
only  to  that  contained  in  three  grams  of  normal  blood,  a  very 
marked deficiency in the hemoglobin circulation through the hands 
for a  girl of  sixteen.  In O.  L.,  also,  the apparently  fair  flow of 
about seven grams of blood per  IOO cubic centimeters of hand only 
corresponds  to  the  hemoglobin  of  about  three  grams  of  normal 
blood. 
In  A.  P.,  whose  hand  blood  flow  appears  to  be  normal,  the 
hemoglobin going through IOO c.c.  of hand per minute is equivalent 
only to that contained in about six grams of normal blood, a distinct 
although not a very great deficiency. 
We  shall  not  discuss  the  question  whether  an  increase  in  the 
minute volume of the heart in  the anemias is  not  obtained in part 
or chiefly by an acceleration in its rate.  For an increase in minute 
volume occasioned in  this  way would equally affect the peripheral 
circulation unless a  redistribution of the blood were brought  about 
by  vasomotor  action  in  the  manner  already  suggested.  Besides, 
considerable difference of. opinion exists among observers as to the 
effect of changes in the rate of the heart on its output  (4), and as to 
the changes in the output which are possible.  Table I  shows clearly 
that there is no direct relation between the pulse rate and the blood 
flow through the hand.  The  highest pulse  rate  of the series,  12o 
in  H.  W.,  was  associated  with  one  of the  lowest hand  flows,  the 
lowest pulse rate, 52  in J. B.,  with a  fair although subnormal flow. 
The independence of the hand flow and the pulse rate in  different 
cases is still 'better displayed in table II, embodying the results on a 
case  of bradycardia,  a  case  diagnosed  as  paroxysmal  tachycardia, 
a  case  showing jaundice  with  a  slow  pulse,  and  a  case  showing 
jaundice with normal or somewhat accelerated pulse rate. 
X.,  a  man,  aged  32½ years,  height  6  feet,  weight  I7o  pounds.  Bradyeardia. 
The  first  examination of  the flow  in the hands was  made  on June 4,  I912.  He 
feels quite comfortable to-day;  sometimes he has headaches.  IIe drove his auto- 
mobile in coming to be examined.  He was in the room fifteen or twenty minutes 
before  the observation began.  The pulse rate  (sitting)  was  then 37 per minute, 
on  the average  of  a  four  minute perio'd.  Hands  in  bath  at  I.I2½  P.~.,  in  calo- 
rimeters at. 1.24~, and out at  1.4o  P.M.  Mouth temperature  36.7 °  C. < 
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Time. 
1.24 
1,25 
1.26 
1.27 
1.28 
1.29 
1.3o 
1.31 
1.32 
Temperature  of 
Calorimeters. 
Right.  Left. 
31.20  °  31.15  ° 
31.20  °  31.17  ° 
31.27  °  31.24  ° 
31.34  °  31.31  ° 
31.395  °  31.360 
31.44  °  31.420 
31.5I °  31.48  ° 
31.58  °  31.56  ° 
31.65  °  31.63  ° 
I  Temperature of 
Room.  Time.  C~cl~m et( rs. 
Right.  i  Left. 
1.33  31.68°5  I  31.7  o° 
24.6  °  1.34  31.79  °  31.75  ° 
1.35  I  31.82 ~  31.80  ° 
24.8  °  1.36  31.87  °  31.85  ° 
1.37  31.9I °  31.91  ° 
1.38  31.96  °  31.95  ° 
24.7  °  1.39  32.Ol  °  32.00  ° 
1.4o  32.04  °  32.o3  ° 
2.04  31.76  °  31.755  ° 
Room, 
24.6  ° 
24.6  ° 
Cooling  of  calorimeters  in  twenty-four  minutes:  right  0.28  °  C.,  left  o.275 °  C. 
Volume of right hand 493  c.c.,  of left hand 469  c.c.  He  is right handed.  Pulse 
(sitting)  at  end  of  the  blood  flow  examination  34,  average  of  three  minutes. 
Water equivalent of  calorimeters with contents,  right 3,489,  left 3,47o. 
Second examination on June II,  I912.  He  drove over as on the last occasion. 
But today his pulse was  counted two or three minutes after he came.  The  rate 
was 5I, average of three minutes.  For the first two minutes it was 48 per minute 
and  for the third minute 57.  He said that for the last minute he got to thinking 
about something which constituted a  problem for him. 
Hands  in  bath  at  1.o8  p.~r.,  in  calorimeters  at  1.19  and  out  of  calorimeters 
at  1.38.  3,oi5  c.c.  of  water  in  each calorimeter.  Mouth temperature  37  °  C. 
Time. 
I.I8 
1.20 
1,2I 
1,22 
1.23 
1.24 
t.25 
1.26 
1.27 
1.28 
1.29 
Temperature of 
Calorimeters, 
Right.  Left. 
31.125  °  31.04  ° 
31.18  °  31.o9  ° 
31.24  °  31.I5 ° 
31.30°  31.2I ° 
31.33  °  31.235  ° 
31.39  °  31.29  ° 
31.42°  31.320 
31.460  31.35  ° 
31.525  °  31.405  ° 
31.580  31.45  ° 
31.61  °  31.47  ° 
Room. 
24.6  ° 
24.6  ° 
24,5  ° 
24.5  ° 
rime. 
1.30 
1.31 
1.32 
L33 
1.34 
1.35 
1.36 
1.37 
1.38 
1.55 
Temperature of 
Calorimeters. 
Right__  Left. 
31.65  °  31.51 ° 
31.695  31.56  ° 
31.775  31-63  ° 
3t.86 °  31.72  ° 
31.900  31.75  ° 
31.95  °  31.79  ° 
31.98  °  31.82  ° 
32.Ol  °  31.84  ° 
32.02  °  31.85  ° 
31.8I °  31.65  ° 
Room. 
24.6  ° 
24.7  ° 
24.7  ° 
24.7  ° 
Cooling  of  calorimeters  in  seventeen  minutes,  right  o.21 ° ,  left  0.20*.  Volume 
of right hand 477  c.c.,  of left 444 c.c.  Pulse  (sitting)  at end of examination, 34 
and  35  in  two  successive  minutes.  Water  equivalent  of  calorimeters  with  con- 
tents,  right 3,476,  left 3,450. 
In the  first blood flow examination with a  pulse  rate  of 35  the 
flow in X. was lO.37 grams per  ioo cubic centimeters per minute in 
The stirring in the right calorimeter was known to be deficient here. G. N. Stewart.  131 132  Studies  on  the  Circulation  in  Man. 
the  right  hand,  and  Io.93  grams  in  the  left  hand,  with  a  room 
temperature  of  24.7 °  C.  A  week  later,  with  a  somewhat  higher 
average pulse  rate  and  a  room  temperature  of  24.5 °  C.,  the  flows 
were  respectively 8.75  grams,  and  8.32  grams.  On  the  first  day 
he had in accordance with his usual custom for some time taken no 
lunch,  and had rested for a  while after coming to the hospital.  On 
the second day he had had lunch and was examined immediately on 
his  arrival.  The  case  was  one  of  true  bradycardia,  not  of  heart 
block, the jugular tracing showing a number of a  waves equal to the 
number  of beats in the  radial  artery  (text-figure  I).G 
The patient had been a  heavy smoker. 
Dr.  Carter  writes:  "He  has  been  under  my  care  since  I9o7.  It  was  in  the 
spring  of  I9Io that  he had  his  first  syncopal  attacks  associated  with  a  pulse,  at 
that time of 37 to 42.  In the fall of  I9IO I  sent him to  Dr.  Thayer in Baltimore 
for observation."  Dr. W.  S.  Thayer  (6)  has described this case as  one of "per- 
manent bradycardia  with  no  apparent  cardiac  abnormality.  After  atropin  (~/~o 
of  a  grain  subcutaneously)  the pulse  rose  in  twenty minutes to  6o.  Numerous 
sphygmographic  tracings  showed  normal  auricular  and  ventricular  contractions 
with no delay in the a-c  time."  April I8,  I9I 3.  His pulse  rate today is 49 and 46 
in  two  successive  minutes.  He  had  just  been  "running  around,"  he  said,  so 
that probably there is no change in rate.  The acceleration at the end of  inspira- 
tion  is  well  marked,  as  was  noted  by  Dr.  Thayer,  showing  that inhibitory tone 
is  present.  A  month  before  he  had  been  operated  on  for  appendicitis  under 
nitrous  oxide  anesthesia and had made  a  normal  recovery. 
In table II is next shown a  case  (F.  R.),  a  woman aged  52, with 
a  pulse  rate  of  156  and  a  blood flow .of only  4.78  grams  per  Ioo 
cubic  centimeters  per  minute  for  the  right  hand,  and  4.3o  grams 
for the left, although the room temperature was 26 °  C.  This pulse 
rate  indicates  complete  or  almost  complete  inactivity  of  the  in- 
hibifory mechanism.  It  is of interest  as  a  sign  of concomitant  in- 
activity,  as  regards  reflex  changes,  of  the  vasomotor  centers  that 
the flow in one hand  is practically urLaffected by the  application  of 
heat  or cold to the .contralateral  hand.  So slight  a  reflex effect as 
that  witnessed  in  this  patient  is  seldom seen. 
Mrs.  F.  R.,  aged  52  years,  height  5  feet,  dispensary  patient.  Diagnosis 
"paroxysmal  tachycardia."  She was  never ill until two years  ago,  when "heart 
trouble"  began.  Slight  pain  in left  inframammary  region.  No  enlargement of 
the  heart.  No  murmurs.  Lungs  clear.  Pharynx  reddened.  Reflexes  normal. 
6I  am  indebted  to  Dr.  E.  S.  Carter  for  the  tracing,  a  portion  of  which  is 
reproduced in the figure, and for the opportunity of studying the case. G. N. Stewart.  133 
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She  has  had  thirteen  children,  nine  of  whom  are  alive.  She  nursed  them  all. 
The  menopause  occurred  two  years  ago.  She  is  corpulent,  has  shortness  of 
breath  on  exertion,  and  attacks  of  palpitation,  especially  when  excited.  Rapid 
pulse,  I65  a  minute.  No  arrhythmia.  Three  times  in  the  last  two  years  she 
became unconscious, the first time for  two  hours.  During these attacks her  feet, 
according  to  her  daughter,  were  quite  cold,  and  were  put  into  hot  water.  Her 
hands  now  feel  rather  cool,  indeed  considering  the  external  temperature,  quite 
cool.  She has had hard luck and much worry.  No thyroid enlargement, no exoph- 
thalmos.  The  symptoms  and  signs  (rapid  pulse,  increased  temperature,  and 
peripheral  vasoconstriction)  suggest early  Graves'  disease. 
Blood flow in the hands examined May 25,  I9xI.  Mouth  temperature 38.I ° C. 
Hands  in  bath  at  2.23  P.M.,  in  calorimeters  at  2.33½  P.M.  At  2.44  P.M.  left  hand 
put into water  at 43 °  C.,  at 2.52 into water  at 9 °  C. 
2.33 
2.35 
2.36 
2.37 
2.39 
2.40 
2.4I 
2.42 
2.43 
2.44 
2.45 
Temperature  of 
Time.  Calorimeters. 
--  ]~  I Room. 
Right.  Left~ 
29.95 °  29.895 ° 
30.005  [29.9 I°  J 
30.35  °  29.925°1 
30.06  °  29.95 °  ] 25.9  ° 
30.IO  °  30.OO5°1 
30.13 °  30.O25 °J 
30.16  °  30.O4 ° 
30.I9  °  30.095 c 
30.2I °  30.II °  26.1 ° 
30.24  °  30.I35 c 
30.27 ° 
Time 
2.46 
2.47 
2.48 
2.49 
2.5o 
2.5.I 
2.52 
2.53 
2.54 
2.55 
2.56 
Fempera. 
ture of 
'ightealo. 
nmeter. 
3o.285 c 
30.305 
30.345 
O  o  3  .38 
3o.4o  ° 
3o.43 ° 
3o.46  ° 
30.48  ° 
3o.495 c 
O  o  3  .53 
30.57  ° 
Time. 
2.57 
2.58 
2.59 
3.00 
3.o1 
3.02 
3.03 
3.15 
•  el tpera. 
1re, ,f rlgh  Notes. 
B.lor metel 
30,595 ° 
30,52 ° 
30.635  ° 
30.56  ° 
30.68 °  Room temperature 
26.I  ° . 
30.695 °  Hand out of calorim- 
eter at 3.o2. 
Left 3o.o3 °. 
30.60 °  Left 29.94  ° . 
Cooling of calorimeters, fight 0.095 ° in  13 
rain., left o.195 in 31 rain., 0.09  ° in 12 min. 
Volume of right hand 326 e.c., of left 335 c.c. 
Hands are fat.  Pulse 156 (sitting). 
The third  case in table II,  G.  V., a  man  44 years old,  with  long 
standing  jaundice  and  a  pulse  rate  of 63,  had  a  flow in  the  right 
hand of only 2.69 grams  per  IOO cubic centimeters per minute,  and 
in  the  left 2.62  grams,  with  room  temperature  22.1 °  C.  Anemia 
was probably a  factor in the small peripheral flow.  His hands were 
always cold to the touch.  Whether the itching of the skin of which 
he complained was concerned in the vasoconstriction is unknown. 
G.  V.,  a  man,  aged  44  years,  a  Hungarian  laborer,  was  admitted  to  the  City 
Hospital  on  September  24,  1912.  He  came  in  for  treatment  of  a  left  inguinal 
hernia  which he has had  for  four years.  He  also  sought the hospital on  account 
s Although  the  cold  water  was purposely  made one degree  higher than  usual, 
she  feels  it  very uncomfortable  and  complains  of  it.  Her  hand  had  to  be  taken 
out of the cold  water  intermittently  for  the first 2  or  3  minutes. G. N, Stewart.  135 
of  weakness.  He is  married but has no  children.  His wife has had  no  miscar- 
riages.  He has  had  general  jaundice  for the  past  eight  years.  Examination  of 
thorax negative.  Liver enlarged,  left  lobe  palpable  three  fingers'  breadth  above 
the  umbilicus.  Spleen  enlarged  to  percussion, palpable  and  tender.  Skin  itches 
considerably. 
Blood  flow  in  hands  measured  September  27,  I912.  Hands  in  bath  at  s.49 
P.M.,  in calorimeters at 2.59,  and out of calorimeters at 3.25. 
Time. 
2.57½ 
3.00 
3.oi 
3.02 
3.03 
3.04  " 
3.o6 
3.o7 
3.o8 
3.o9 
3.I0 
3.II 
3.I2 
"  3.13 
Temperature of 
Calorimeters. 
Right_........_~.  Left. 
3I.o3  °  30.98 ° 
3o.99  °  3o.94  ° 
30.980  30.93 ° 
30.97 °  3o.925 ° 
3o.97 °  3o.92 ° 
30,960  30.92 ° 
30.96 °  30.9I ° 
3o.960  3o.9 l° 
3o.96o  30.9I ° 
30.965 °  30.905 c 
30.97 °  30.9I  ° 
30.980  30.92 ° 
3o.99  °  3o.93  ° 
30.995 °  30.945 e 
l 
Time. 
Room. 
3.x4 
3.IS 
3.I6 
3.r7 
3.x8 
22.1 °  3.x9 
3.20 
3.2I 
22.30  3.22 
3.23 
3.24 
22.2 °  3.2 S 
3.54 
Temperature of 
Calorimeters. 
Right. 
31.00  ° 
3I.OI  ° 
31.015  ° 
31.02 ° 
3z.025  ° 
3 x .o4  ° 
31.o6  ° 
3I.O8  ° 
3I.o9  ° 
3 z.o95 ° 
3I.IO  ° 
3I.IO  ° 
30.73 ° 
Room. 
Left. 
30.95 °  22.1 ° 
3O.96  ° 
3o.96  ° 
3o.965 °  22 ° 
30.975 ° 
30.98 ° 
30.995 °  22.2  ° 
31.0I ° 
31.02  ° 
3I.O4  °  22.2  ° 
31.05 ° 
31.045 ° 
30.685 ° 
Cooling  of  calorimeters  in  twenty-rune  minutes,  right  0.37 °  C.,  left  0.360  C. 
Pulse(sitting)  63.  Volume of  right hand 473  c.c,  of  left hand 467  c.c.  Rectal 
temperature  37.6 °  C.  ,Blood  pressure,  left  arm,  systolic  Io4  (palpation),  to5 
(stethoscope), 69  (sound gone).  Another observation:  Io5,  69.  Water  equiva- 
lent  of: calorimeters with contents,  right 13,473  ,  left 3,469. 
In S. L., a  case of jaundice with a  normal pulse rate, or perhaps 
a rate somewhat accelerated, the flow in the hands was even greater 
than normal  for the room temperature of 21.7 ° C.,--I4.86  grams 
per IOO cubic centimeters per minute for the right hand, and  14.78 
grams  for  the  ieft.  An  increase  in  the hand  flow  in  disease  is 
much less common than a  decrease.  The vasomotor reflexes were 
marked.  The  increased vasodilatation  in  the  right  hand  (whose 
blood  vessels  must  have  been  already  considerably  dilated)  on 
immersing the left hand in warm water is especially notable.  The 
flow increased to 15.63 grams per IOO cubic centimeters pe  r minute. 
Immersion of the left hand in cold water caused a transient diminu- 
tion of  the  flow  in  the  right  (to  9.o5  grams  for  the  first  two 
minutes)  followed by  an  increase to  14.14  grams  per  IOO  cubic 
centimeters per minute for the remaining eight minutes. 136  Studies  on  the  Circulation  in  Man. 
S.  L.,  aged  35,  a  Slovak,  was  admitted  to  the  City  Hospital  on  January  I, 
r913.  He has  been  sick  for two months  with pain  in the stomach and  weakness, 
but he has not vomited.  Never any blood in the stools.  He has  lost weight to a 
considerable  extent  in  the  past  two  months,  during  which  he has  worked  at  the 
National  Carbon  Works.  He has  had  a  cough and  several nosebleeds.  For the 
past six or seven months  he has been getting more and more jaundiced,  but since 
he  entered  his  present  employment  the  jaundice  has  been  increasing  rapidly. 
He used to drink  whiskey moderately.  Physical  examination  of chest and  heart 
shows nothing special.  Pulse regular, good tension, good volume, some sclerosis. 
The  abdomen  is  very rigid  and  distended.  The  liver is  enlarged,  extending  to 
the  umbilicus,  hard  to  the  touch,  not  tender.  No  nodules  present.  The  spleen 
is  also  enlarged  to. the  umbilicus  and  hard  but  not  tender  or nodular.  A  space 
can  be defined between the liver and  spleen.  Examination  of the  kidneys  nega- 
tive.  Some fluid  present  in  the  abdomen.  Blood  examination:  leucocytes 8,ooo 
(polymorphonuclears  69.6,  eosinophils  2.6,  large  mononuclears  3A,  small  mono- 
nuclears 21.8,  transitionals  o.8).  The color of the skin,  etc., is yellow, not green- 
ish.  Diagnosis:  hypertrophic  biliary cirrhosis. 
Blood  flow  in  the  hands  examined  on  January  8,  I913.  Hands  in  bath  at 
2.38  P.~t., in calorimeters at 2.49,  and out of calorimeters at 3.25.  Pulse  (sitting) 
84.  At  3.06  P.M. left hand  put  into  water  at  8 °  C.  He  feels  it very  cold.  At 
3.I5  P.M. left hand  put into water at 43 °  C. 
Time. 
Right. 
2.47~  3I.I3 ° 
2.50  31.17 ° 
2.51  31.24  ° 
2.52  31.325 ° 
2.53  31.415 ° 
2.54  31.5 °0 
2.55  31.58° 
2.56  31.66  ° 
2.57  31.73 ° 
3.06  32.39  ° 
3.07  32.43 ° 
3.08  32.495 ° 
3.09  32.56  ° 
3.10  32.61 ° 
3. I 1  32.67  ° 
3,12  32.720 
3.13  32.79  ° 
3.I4  32.84  ° 
3.I5  32.89  ° 
Temperature  of 
Calorimeters. 
Left.  Room. 
31.o7 ° 
31.I2  ° 
31.19 ° 
31.27 ° 
31.360  21.2 ° 
31.43  °  21.3  ° 
31.5 °0  21.4  ° 
31.58  °  21.5 ° 
31.66  ° 
22.4 ° 
22.4 ° 
22.2 ° 
22.15 ° 
22.2 ° 
Time. 
Right. 
2.58  31.82 ° 
2.59  31.895 ° 
3.oo  31.97 ° 
3.Ol  32.o6  ° 
3.02  32.14 ° 
3.03  32.22  ° 
3.o4  32.28 ° 
3.o5  32.36  ° 
3.16  32.935 ° 
3.I7  32.980 
3.I8  33.o3 ° 
3.19  33-09  ° 
3.20  33.14  ° 
3.21  33.2o  ° 
3.22  33.26  ° 
3.23  33.320 
3.24  33.38 ° 
3.25  33.435 ° 
3.4o  33.18 ° 
Temperature of 
Calorimeters. 
Room. 
Left. 
31.74  °  21.8 ° 
31.8I ° 
31.88 °  22 ° 
31.9 6o 
32.05 °  21.8 ° 
32.13 ° 
32.19  ° 
32.26  ° 
22.1 ° 
22.2 ° 
22.2 ° 
22 ° 
22.2 ° 
31.75 ° 
2  o  Cooling of  calorimeters,  right  o.  55  in  fifteen  minutes,  left  O.5 I°  in  thirty-five 
minutes.  Volume  of  right  hand  494  c.c.,  of  left 467  c.c.  Blood  pressure,  left 
arm,  systolic  II7  (palpation),  II7  (stethoscope),  8o  (sound  gone).  The  sound 
became indistinct  a  little below  Ioo,  but  did not actually  disappear  till about  80. G. N. Stewart.  137 
The veins of the arms are large.  Both hands feel warm to the touch and equally 
so.  The  whole skin  is  warm.  Rectal  temperature 37.27 °  C.  Water  equivalent 
of calorimeters with contents, right 3,49o,  left 3,469. 
In conclusion it should be pointed out,  perhaps, that if in anemia 
peripheral vasoconstriction, especially in the cutaneous vessels,  is  a 
compensatory mechanism for increasing the stream of blood in the 
lungs,  disorders of the skin caused or perpetuated by deficient cir- 
culation  are  rationally  treated  by measures  which  augment  the 
hemoglobin content of  the blood.  When  the deficiency o.f  hemo- 
globin  is  remedied the  deficiency in  the .cutaneous blood  flow will 
take care of itself.  It has long been krLown and is a  commonplace 
of practice that many skin conditions are benefited by general treat- 
ment  of  the  co~xisting  anemia where local  treatment  alone  is  in- 
efficacious.  Local treatment of limited portions  of the skin,  how- 
ever, aimed at increasing the blood flow in that region would not be 
contraindicated from the point of view of the compensatory action 
of  a  general  peripheral  vasoconstriction.  For  vasodilatation  in  a 
limited area of the ski'n, while it might greatly benefit the local con- 
dition, would not appreciably affect the pulmonary flow. 
Where anemia is excluded it is probable that the hand flow under 
standard  conditions  which  eliminate  as  far  as  possible  accidental 
local vasoconstriction is an index to the minute volume of the heart, 
or,  rather, gives the means in  successive observations  of  following 
to  some  extent  changes  in  the  minute  volume.  This  seems  to 
follow  from the  fact  that  in  one  and the  same healthy individual 
and in pathological .cases where the clinical state has undergone no 
sensible  change,  the  hand  fl.ow varies  only  Within  narrow  limits 
when the  subject  is  under  a  steady  regimen,  and  the controllable 
external conditions are .the same.  The fact then that X., who had 
no anemia, with a pulse rate of 35, had a hand flow entirely within 
the  normal  range  for  his  age  may be  taken  to  indicate  that  his 
minute  volume  under  the  given  external  conditions  was  normal. 
The  output  per  beat  must,  therefore,  have  been  twice  that  of  a 
normal man of the same weight.  Nothing,  of course, can be  said 
from these observations as to the power .of his heart to respond to 
such increased requirements as occur during considerable muscular 
exertion.  Buchanan  (7)  has  remarked  that  among  athletes  very 
slow pulse rates are not incompatible with great exertion. 138  Studies  on  the  Circulation  in  Man. 
CONCLUSIONS. 
I.  In  the cases  of anemia  studied  (pernicious  anemia,  chlorosis, 
and  secondary anemia)  the blood flow in the  hand  is smaller  than 
the normal flow. 
2.  Accepting Plesch's result, that  the minute volume of the heart 
is  increased  in  the anemias,  the  diminution  in  the  hand  flow is  in- 
terpreted  as a  sign  of a  vasoconstriction  in peripheral  parts,  which 
facilitates  the increased flow through  the lungs. 
3.  The  deficiency in the  hand  flow is less in the chlorotic group 
than  in  the  other  cases  of  anemia.  The  explanation  suggested  is 
that  the  increased  total  volume  of  the  blood  in  chlorosis  permits 
the  normal  amount  of  hemoglobin  to  circulate  through  the  lungs 
without a  marked increase in the peripheral  vasoconstriction. 
4.  The  view that  the  diminution  in the  cutaneous blood flow in 
anemia is a  necessary compensatory arrangement  for increasing the 
flow through the lungs affords a natural explanation of the beneficial 
effect in  many  cutaneous  disorders  of general  measures,  especially 
those  aimed at  improving the  quality of the blood. 
5.  In a  case of bradycardia with a  pulse rate permanemly below 
4 °  during  rest in a  sitting position,  the hand flow was normal. 
I  am indebted to the  Staff of Lakeside Hospital and  Dispensary, 
and especially to the Staff of the City Hospital for many courtesies 
extended  to me  during  this  investigation. 
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